Since the onset of cardiac valve replacement, prosthetic endocarditis shortly after operation has been an important, life-threatening complication (Denton et al., 1957) . The incidence was 7-12% (Lord et a!., 1961; Stein et al., 1966) before the introduction of non-wettable sutures; shorter operating times and routine antistaphylococcal antibiotic prophylaxis reduced the rate of infection to 1-2% (Stein et al., 1966) .
More recently, a separate group of patients has been identified, presenting late after surgery with a bacteriological spectrum similar to classical infective endocarditis and with a better prognosis (Shafer and Hall, 1970; Block et al., 1970; Dismukes et al., 1973; Slaughter et al., 1973) .
Although Stein et al. (1966) suggested that prosthetic valve endocarditis occurring soon after cardiac surgery could be virtually eliminated by suitable antibiotic prophylaxis, cases continue to occur. Because the management of these patients is difficult and the mortality remains considerable, this paper reviews a 10-year experience at a regional cardiothoracic centre. ' Present address: East Glamorgan Hospital, Pontypridd, Mid Glamorgan
Patients and methods
For inclusion in this series one of the following criteria was required: 1 positive blood cultures in the presence of suggestive clinical features such as splenomegaly, emboli, new murmurs or unexplained heart failure; 2 recovery of organisms from the prosthesis at necropsy; 3 demonstration at necropsy or surgery of typical vegetations. Patients from whom no organism could be cultured and who were given 'blind' antibiotic therapy with apparent recovery have not been included.
In the 10-year period [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] 940 operations for cardiac valve replacement were performed at the cardiothoracic centre for South Wales which was situated at Sully Hospital up to mid 1972 and subsequently at the University Hospital of Wales. Eight-hundred-and-fifty-one single valve replacements, 79 double, and 10 triple replacements were performed and a total of 1039 prosthetic valves were inserted (488 aortic, 531 mitral, and 20 tricuspid prostheses). Routine parenteral antibiotic prophylaxis was started 24 hours preoperatively 478 and continued during bypass and for five to seven days postoperatively. The drugs used, principally antistaphylococcal agents, were prescribed by the surgical teams, and there was some variation in the regimes selected. Further antibiotics were prescribed as necessary according to the clinical and bacteriological condition of the patient. No routine antifungal agents were given. Anticoagulants were started on the third or fourth postoperative day when drainage tubes were removed.
All patients with suspected infective endocarditis were investigated routinely by blood samples cultured in glucose broth, heart-brain infusion broth, and Robertson's cooked meat medium both aerobically and anaerobically and, if negative, cultures were set up in Sabouraud's medium at room temperature and at 37°C for fungi. Sera from culturenegative patients were examined for Q fever antibodies. Antibiotic sensitivities were assessed for organisms isolated and the minimum inhibitory concentration of each agent was estimated when possible as described by Jawetz (1962) . The minimum accepted bactericidal level of 1 in 8 was measured at the 'trough' time interval in relation to the previous dose.
Twenty-three patients developed prosthetic endocarditis during this time and a review of their case histories forms the material for this paper.
Results

INCIDENCE
Twenty-four episodes of endocarditis occurred in 23 patients. The number of cases occurring early and late after surgery in each of the 10 years are shown in Table 1 . Operative and clinical data on both groups are presented in Table 2 . The inci- Table 3 . Cardiac failure was more common in the early group but the other findings occurred with equal frequency in either group. The commonest combination was pyrexia, anaemia, raised sedimentation rate, and heart failure.
Fever varied from a low-grade intermittent pattern to a high continuous type. Anaemia was also variable, the haemoglobin being in the range 9-12 g/dl except when mechanical haemolysis was present. The sedimentation rate was invariably raised, between 40 and over 100 mm in the first hour, in those patients for whom information was available. Included in the term 'embolism' are those peripheral lesions which are considered immunological in origin. Sites commonly involved were abdominal organs, particularly the spleen, and brain and retina. 'Osler's nodes' were noted in four patients. Table 5 for those patients cured and in Table 6 for patients who died. The mean time from presentation to the start of treatment was 14 days for the patients cured and 26 for those who died. Causes of death are shown in Table 6 . The pathogen was not isolated in five patients and found only late in the course of the illness in three others so that either no therapy was given, or it was 'blind' and too late to affect the outcome. In five patients (10, 13, 16, 19, and 23 ) the treatment appears to have been adequate initially, the causes of death being haemodynamic faults in four and cerebral haemorrhage in one. Only one of the five patients infected with C. albicans was cured, two of the others receiving no treatment at all. Three of the five patients infected with diphtheroids and two out of four patients infected with Staph. aureus and with Streptococcus viridans were cured.
RELAPSES
Four patients (15, 17, 20, and 22) received a course of antibiotics that appeared successful but relapse occurred on withdrawal of treatment, blood cultures becoming positive immediately. Further courses of antibiotics, alone in patient 15 and with reoperation in the other three, achieved cure.
REOPERATION
Five patients had revision valve replacements, two because of heart failure after the infection was cured (18 and 21) and three because of difficulty in overcoming infection. Four of these operations were successful; the fifth (patient 21) had a successful replacement but died in the convalescent period due to dehiscence of the aortotomy site.
There was no evidence of endocarditis at necropsy.
Discussion
This series confirms previous reports that two separate groups of prosthetic valve endocarditis occur (Shafer and Hall, 1970; Dismukes et al., 1973 ) but we do not agree that an arbitrary time of 60 days can be used to differentiate them. Certain problems in diagnosis and management are common to both groups but differences in time of presentation, the greater variety of infecting organisms, and higher mortality in the early compared with the late group suggest that they should be discussed separately. EARLY 
GROUP
There is little indication that early prosthetic infection is becoming less frequent since the incidence of 1-7% in this series is similar to previous experience (Shafer and Hall, 1970) . The infections were sporadic, suggesting several portals of entry, and no common source was identifiable.
One diagnostic problem is that positive blood cultures may not imply involvement of the prosthesis. Sande et al. (1972) have suggested that bacteraemia in the early postoperative period is unlikely to mean endocarditis if the organisms are Gram-negative, if there is an extracardiac site of infection, and if no new murmurs develop. Dismukes et al. (1973) do not agree with this suggestion because they found valve involvement in four of their five cases of Gram-negative bacteraemia occurring soon after operation. Madison et al. (1975) also reported two cases of valve involvement when cultures produced Gram-negative organisms. We suggest that the prosthesis must be assumed to be infected and that the shorter courses of treatment suggested by Sande et al. (1972) are not adequate. One of our patients was given a two-week course of treatment for 'bacteraemia' caused by Alkaligenes faecalis but presented later with obvious valve involvement and died from the haemodynamic consequence of valve detachment. The common clinical and laboratory features occurring in our patients were not helpful since fever, anaemia, raised sedimentation rate, and heart failure in patients convalescing from valve replacement surgery usually have other explanations. Isolation of a pathogen from blood culture is, therefore, vital for a successful outcome. Of the 10 patients from this group who died, the commonest reason for death was a delay or inability to culture the organism, so that uncontrolled infection causing valve detachment with cardiac failure was often the mode of death. These patients had received courses of antibiotics previously.
A patient who is deteriorating with an illness suggestive of infective endocarditis but with negative blood cultures presents a dilemma. To embark on 'blind' therapy is generally recommended (Oakley, 1974) but there is no way of monitoring minimum bactericidal concentrations, and results are, therefore, likely to be poor. In the absence of clinical deterioration it may be worth waiting to obtain more blood samples for culture or to perform special procedures, as in patient 24, but our findings generally support those of Hayward (1973) and Oakley (1974) that if a pathogen is isolated it appears in the first few sets of cultures. If a regimen of antibiotics has to be selected for a culture-negative patient with endocarditis we suggest that close attention should be paid to extracardiac sites of infection, such as respiratory, urinary or sternal sepsis, since the eventual pathogen was present at these sites in nine out of the 15 patients either in the early postoperative period or 483 when the patient presented later.
The common organisms causing early prosthetic endocarditis in this series, Diphtheroid sp and C. albicans, differ from the staphylococcal species which predominated in previous reported series (Braimbridge, 1969) . The low incidence of staphylococcal endocarditis, three cases out of 940 operations, suggests that the antistaphylococcal prophylaxis has been fairly successful. The emergence of opportunist organisms of low virulence in health as pathogens in endocarditis is important since they may be overlooked as contaminants in initial culture samples. C. albicans is now a common pathogen after cardiac surgery (Engelman et al., 1973) , and for cure antifungal chemotherapy plus revision valve replacement has usually been necessary (Warner et al., 1971; English and Ross, 1972) . Only one patient in the present series who was infected with C. albicans was cured and she was of interest in that the fungus was a second infecting organism complicating diphtheroid endocarditis and also because cure was achieved without further surgery. A second pathogen should always be suspected if a patient deteriorates while on treatment that caused initial improvement (Boyce, 1975) . The frequency of diphtheroid endocarditis found in this series has not been observed in other series although Jackson and Saunders (1973) Four of our nine cases were caused by Strep. viridans, the probable portal of entry being the oral cavity in two. Whether the patients had prior dental manipulation with or without antibiotic cover is not known. We agree with Madison et al. (1975) that dental and oral hygiene and antibiotic cover for all manipulations is as important after valve replacement as it is before operation. Recent work has suggested that penicillin combined with an aminoglycoside may be better than penicillin alone (Durack and Petersdorf, 1973; Durack, 1975 ).
Six of the nine patients were cured, which compares favourably with the series reported by Dismukes et al. (1973) . Four of the patients required replacement of the infected prosthesis because antibiotic therapy alone did not overcome the infection. None of these patients developed septicaemia or prosthetic infection postoperatively so surgery for uncontrolled infection is less hazardous than was previously thought (Okies et al., 1971 (Dorney, 1974) . Patients with infective endocarditis on prosthetic cardiac valves present a different problem since they are nearly all already anticoagulated. Windsor et al. (1968) described intra-atrial thrombosis associated with infection on mitral prostheses in nine patients and regarded anticoagulation as an essential part of the management. All except one of our patients were taking oral anticoagulants, dipyridamole being considered adequate protection in the other. In a further patient (case 17), anticoagulants were stopped shortly after diagnosis because of haematuria but 10 days later she suffered a series of cerebral emboli. Anticoagulants were restarted and there were no further cerebral incidents. The policy in the other patients was to maintain the prothrombin time between one and a half to twice normal, and only one patient suffered cerebral haemorrhage, the precise cause not being established at necropsy. Of nine patients described by Block et al. (1970) , one had a cerebral embolism when anticoagulation was withdrawn and another died of cerebral haemorrhage when the prothrombin time was 40 seconds. While accepting that there are some risks, there seems no reason to discontinue anticoagulants routinely in patients with prosthetic endocarditis, provided the prothrombin time is meticulously controlled.
